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Abstract 
This paper presents an experimental and theoretical investigation for lapped 
connections between high strength cold-formed steel Z sections, and a total of 
26 one point-load tests on lapped connections were performed. It is 
demonstrated from the experiments that combined bending and shear is always 
critical in the cross-sections at the ends of lap of the lapped sections. An 
analysis and design method is thus proposed to evaluate all the internal forces 
within the lapped connections, and hence, to evaluate the co-existing moments 
and shear forces at the critical cross-sections. Suitable codified design rules are 
then adopted to check against combined bending and shear, and improvement to 
the design rule for shear capacities is proposed after careful calibration against 
test data. Moreover, simple expressions are also proposed after data analyses for 
the determination of the effective flexural rigidities of lapped connections. 
Consequently, the structural behaviour of lapped sections between cold-formed 
steel Z sections in terms of strength and stiffness is quantified rationally for 
general design. The research project aims to provide understanding to the 
structural performance of lapped connections between cold-formed steel Z 
sections, and hence, to develop a set of rational design rules for multi-span 
purlin systems with overlaps in modern roof construction. 
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Introduction 
Cold-formed steel purlins are widely used in modem roof systems [17] due to 
their high structural efficiency and buildability. Common yield strengths are 
280 and 350 N/mm2 [1, 3, 6], but recently, sections with yield strength up to 450 
N/mm2 [2, 19] may be found in some propriety purlin systems with improved 
load carrying capacities. The most common shapes of cold-formed steel purlins 
are C and Z sections, and the section depths typically range from 100 to 350 mm 
while the thicknesses range from 1.2 to 3.0 mm. 
In general, the load carrying capacities of cold-formed steel purlin systems 
depend on many factors [4, 11, 20], such as steel grades, section shapes and 
sizes of purlin members, restraints provided by attached roof sheetings and 
intermediate bracing members, and connection configurations at purlin-rafter 
supports. In practice, four different types of purlin systems are commonly found 
with different degrees of continuity over internal supports as follows: 
single span, 
n double span, 
111 multi-span with sleeves, and 
iv multi-span with overlaps. 
In many countries, multi-span purlin systems using cold-formed steel Z sections 
with overlaps are very popular owing to their ease of transportation with 
effective stacking and high structural efficiency with high level of continuity 
between members. It should be noted that the level of continuity across the 
lapped sections is very important to the structural behaviour of purlins as it does 
not only affect the moment resistances and the flexural rigidities of the lapped 
connections but also the distribution of internal forces, i.e. moments and shear 
forces, along the purlin members. However, up to the presence, there is little 
guidance for engineers to assess the structural behaviour of cold-formed steel 
purlin systems due to the lack of understanding on lapped connections between 
cold-formed steel sections. The simplistic conventional design approach (CDA) 
for modem purlin systems with lapped sections given in various design methods 
and recommendations [7-10, 12, 16, 18] is summarized as follows: 
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a) The lapped connections always achieve full continuity between the lapped 
sections. 
b) The flexural rigidities of the lapped connections are equal to the sum of 
those of the individual sections. 
c) The strengths of the lapped connections are equal to the sum of the 
strengths of the individual sections. 
d) Combined·bending and shear of the critical cross-sections at the end of 
laps should be checked for structural adequacy. 
However, there are some researchers who took a pessimistic view that both the 
moment resistances· and the flexural rigidities of the lapped connections with 
long lap lengths should merely be taken as the same as those of continuous 
sections. 
It should be noted that most design lUles for purlin members are simple and 
conservative, and thus, design-based purlin systems are often found to be very 
conservative with low market competitiveness. In fact, most modem roof 
systems with cold-formed steel pUrlins are developed through prolonged and 
expensive full-scale testing in order to acquire high structural efficiency. 
Objectives and scope of work 
In order to improve the buildability of cold-formed steel stlUctures, a series of 
research and development projects have been undertaken by the authors to study 
the stlUctural behaviour of bolted moment connections between cold-formed 
steel sections, and this paper presents an experimental and theoretical 
investigation on lapped connections between high strength cold-formed steel Z 
sections. The research work aims to provide understandings on the stlUctural 
behaviour of high strength cold-formed steel Z sections with lapped connections, 
and hence, to develop a set of design rules for multi-span high strength cold-
formed steel purlin systems with overlaps in modem roof construction. The 
investigation takes the following parts of activities: 
• Part I Experimental investigation 
Six test series with a total of 26 one point load tests on lapped high 
strength cold-formed steel Z sections (with nominal yield strength at 
450 N/mm2) were carried out to investigate the structural behaviour of 
lapped connections. Full details of the experimental investigation 
may be found in the literature [13-14]. 
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• Part II Analysis and Design 
An analysis method [15-16] is proposed to evaluate all the internal 
forces within the lapped connections, and hence, the co-existing 
moments and shear forces at the critical cross-sections of the ends of 
lap are obtained readily. Codified design rules for moment capacities, 
shear capacities and interaction between moment and shear are 
carefully calibrated using the test data. Moreover, simple expressions 
are also proposed after data analyses to determine the [mal effective 
flexural rigidities of lapped connections . 
• Part III Design Development 
A set of design rules are proposed to assess the load carrying 
capacities of cold-formed steel Z purlins with overlaps, and the results 
with different' degrees of continuity over lapped sections are 
compared. 
In order to establish effective bolted moment connections between lapped Z 
sections, two practical configurations, namely, Config. W4 and Config. W6, are 
proposed for generic lapped connections after considering ease of installation. 
Refer to Figure 1 for details. It should be noted that only the webs of Z sections 
are bolted together which are in turn attached onto primary structural members 
such as rafters through hot rolled steel web cleats. The section flanges of Z 
sections are not connected. In general, lapped connections with short lap lengths 
are expected to possess only limited moment resistances due to discontinuity of 
load paths along section flanges in the connected sections. By increasing the lap 
lengths, the moment resistances of lapped connections will be increased steadily 
with enhanced load transfer across the lapped sections. Moreover, connections 
with Config. W6 is expected to be stiffer than those with Config. W4 due to the 
presence of additional bolts. 
Results of experimental investigation 
Figure 2 illustrates the general set-up of the one point load tests while a 
summary of the test data is presented in Table I. Among all the lapped 
connections between high strength cold-formed steel Z sections tested, section 
failure in the cross-sections at the ends of lap of the lapped connections under 
combined bending and shear was always found to be critical, as shown in Figure 
3. Refer to Table I for the maximum applied loads of the lapped connections 
measured from tests. It should be noted that the moment resistances of lapped 
connectiens with lap lengths equal to 1.2 times the section depth were found to 
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develop only 80% of the moment capacities of connected sections .. For lapped 
connections with lap lengths equal to 6 times the section depth, their moment 
resistances were found to be significantly increased to about 140% of the 
moment capacities of connected sections. Similar results in the flexural 
rigidities of the lapped connections were also found as shown in Figure 4 where 
the mid-span moment end-rotation curves of lapped connections with various 
lap lengths are plotted onto the same graph for direct comparison. Also refer to 
Table 1 for the effective flexural rigidities obtained from back analysis on the 
measured slopes of the load-deflection curves of the lapped connections, as 
shown in Figure 5. 
It is demonstrated that 'full strength laps' and 'full stiffuess laps' may be 
achieved in lapped connections provided that the lap length to section depth 
ratios are equal to or larger than 2.0 and 4.0 respectively. Lapped connections 
with Config. W6 are often stiffer than those with Config. W4 by typically 10% 
although the differences diminish with increasing lap lengths. Consequently, it 
is shown that the level of continuity in lapped connections against bending 
depends on not only the load levels and the lap length to section depth ratios, but 
also the lap length to the member length ratios. Hence, the widely adopted 
assumption of 'doubled strength and stiffness' in lapped connections is not 
always correct. 
In addition, shear buckling of the section web at the ends of lap of the lapped 
connections was found to be fairly localized due to the restraining effects from 
both the lapped sections and the purlin-rafier connections, and the length of a· 
typical shear buckling mode shape was found to range from 0.8 to 1.25 D times 
the section depth. 
Distribntion of internal forces within lapped connections 
In order to assess the strength of lapped connections, it is essential to determine 
the internal forces within the lapped connections under the applied loads in the 
one point load tests. Referring to the lapped connections with Config. W4 as 
shown in Figure 6, the following assumptions are adopted: 
a) The centre of rotation of the lapped connection, 0, is coincided with the 
bolt group center. 
b) The magnitudes of bolt forces Fb are proportional to the distances between 
the bolt holes and the centre of rotation of the lapped connection, 0. 
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c) The directions of bolt forces Fb are derived from the moment equilibrium 
consideration of the lapped connections. 
After attaining force and moment equilibriums, all the internal forces within the 
lapped connections are illustrated in Figure 6. Both the shear force and the 
bending moment diagrams are then readily established and they are also shown 
in Figure 6 together with all the expressions for internal forces. 
Proposed design metholJ 
For structural adequacy of the lapped connections, both the applied shear forces 
and the applied moments at the critical cross-sections of the lapped connections 





Ve , Me 
l :::;; 1.0 , V2 = V2 :::;; 1.0 (Ia& lb) 
Ve Ve 
M J :::;; 1.0 m2 = M2 :::;; 1.0 (2a & 2b) 
Me Me 
are the shear force ratios for the LHS and the RHS of the critical 
cross-section respectively 
are the moment ratios for the LHS and the RHS of the critical 
cross-section respectively, and 
are the design shear and the design moment capacities of the 
critical cross-section respectively with allowances for the presence 
of bolt holes. 
Based on test observations, both local buckling and distortional buckling were 
apparent which should be carefully incorporated in the assessment of the 
moment resistances of these sections. As the measured yield strengths of these 
sections were significantly larger than 450 N/mm2, most conventional design 
methods based on effective sections were considered to be inapplicable as these 
methods were developed primarily for cold-formed steel sections with nominal 
yield strengths at 350 N/mm2 with insignificant distortional buckling. Hence, 
the moment resistances of Z sections were evaluated according to the Direct 
Strength Method given in Appendix Al of NAS (2004) [2] where both local 
buckling and distortional buckling have been fully incorporated through elastic 
buckling analyses with finite strip method. It should be noted that the presence 
of bolt holes in the critical.cross-sections should be properly allowed for. 
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Furthermore, shear buckling of the section web at the ends of lap of the lapped 
connections was observed to be fairly localized in tests, and the length of a 
typical shear buckling mode shape was found to range from 0.8 to 1.25 of the 
section depth. Thus, it was proposed to improve the codified shear capacities 
[1-3,6, 19] of the critical cross-sections, Vc , as follows: 
(3) 
where 
Avo is the shear area of the full section and equal to D x t 
qcr is the shear buckling strength of the section 
= n2 E k ( t )2 
12(1-u2 ) , D-t 
E is the modulus of elasticity of steel, and equal to 205 kN/mm2 
D is the Poisson's ratio, and equal to 0.3 
kc is the shear buckling coefficient 
5.34 for continuous sections 
- 4 
- 5.34+--2 or 6.90 for lapped connections 
a sb 
Usb is the aspect ratio of the shear panel, and equal to I...b I D 
Lsb is the length ofthe shear panel which is conservatively taken to be 1.6 
D for lapped connections after calibration 
D is the overall section depth, and 
t is the web thickness. 
Moreover, it is also necessary for both the LHS and the RHS of the critical cross-
sections to be checked against combined bending and shear [1-3, 6, 19] as 
follows: 
::; 1.0 (4a & 4b) 
According to the maximum applied loads measured from each test, the 
corresponding shear forces VI and V2 and moments MI and M2 at the left hand 
side (LHS) and the right hand side (RHS) of the ends of lap of the lapped 
connections respectively are compared, and the critical pairs of V and M of all 
test specimens are summarized in Table 2. It should be noted that all the 
quantities are related to single sections for easy comparison. Moreover the 
moment capacities of the sections are evaluated to Appendix Al ofNAS (2004) 
[2] while the shear capacities of the sections are evaluated with Eqn. (3); both 
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are based on measured section sizes and yield strengths. Moreover, the critical 
pairs of v and m are plotted in Figure 7 together with the quadratic interaction 
curve for direct comparison. It is shown that all the v-m ratios lie outside the 
interaction curve, and hence, the interaction curve is considered to be 
conservative. 
Calibration against test data 
In order to quantify the structural efficiency of the proposed design method, a 




PTe,! is the maximum applied load of the lapped connection 
measured from test, and 
PDe'ign is the design load carrying capacity of the lapped connection. 
A model factor y larger than unity implies that the design rules are safe. All the 
model factors for critical cross-sections against combined bending and shear are 
also summarized in Table 2 while Figure 8 plots the distribution of the model 
factors of all the test specimens against the lap length to section depth ratios. It 
is shown that for a total of 26 lapped connections, the model factors are found to 
range from 1.00 to 1.36 while the average model factor is 1.14 with a standard 
deviation of 0.08. Hence, the proposed design rules are considered to be 
effective and conservative. Moreover, the proposed design rules are considered 
to be structurally efficient for lapped connections with practical lap lengths. 
Effective flexural rigidities of lapped connections 
For design proposes, only the final effective flexural rigidity ratios of lapped 
connections!lr are relevant, and they are required in determining the maximum 
and the minimum moments at both internal supports and near mid-span regions 
respectively in the design of multi-span purlin systems. After data analyses [13], 
simple expressions for the maximum and the minimum values of u[ are given as 
follows: 
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• Config. W4 
Ur. max = 0.23 ~D + 0.07 O-j; min 0.23 ~D - 0.18 (6a) 
• Config. W6 
Ur.max = 0.23 ~D + 0.27 , , O-j;min 0.23 ~D - 0.33 (6b) 
where 
~D is the lap length to section depth ratio and equal to 2 Lp • 
D 
Design developm,ent on lapped purtin members 
In order' to incorporate the effect of partial continuity of lapped sections in 
multi-span purlin members, a structural analysis using force method is carried 
out to derive analytically all the internal forces in lapped purIin members under 
uniformly distributed loads as follows: 
• Appendix A presents the design formulae for both the reaction and the 
shear forces as well as the moments of a non-prismatic four lapped span 
purlin member. The effect of partial continuity in lapped connections on 
the distribution of internal forces is fully incorporated. 
• Appendix B illustrates the proposed force distribution within the lapped 
connections, and the bending moment and the shear force diagrams of 
both external and internal spans of the non-prismatic four lapped span 
purlin member are also presented. The forces acting on the connected 
sections are solved by considering equilibrium of forces and moments 
assuming that the centre of rotation of the bolt group is located at the bolt 
group center. It should be noted that the maximum bending moment is 
often located at the end of lap while the maximum shear force is often 
located at the centre of the lapped connection over the internal support. 
Therefore, section failure under combined bending and shear should be 
checked at both locations. 
Figure 9 summaries the design considerations in lapped purlin members under 
both gravity load and wind uplift, and all the possible modes of failure should be 
checked thoroughly. In general, it should be noted that: 
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• For typical lapped purlin members under gravity load, the design is 
normally controlled by combined bending and shear in purlin members at 
the ends of lap near internal supports. 
• For typical lapped purlin members under wind up-lift, the design is 
normally controlled by lateral torsional buckling of purlin members near 
mid-span .. Full restraint condition should be achieved with rational use of 
effectively anchored intermediate restraints such as bridgings and sag rods. 
• For lapped purlin members with long laps (~ 4D), the critical cross-
sections at the ends of lap under combined bending and shear is shifted 
away from the' internal supports where the applied moments are 
significantly reduced. Hence, the load carrying capacities of the purlin 
members are increased accordingly. 
• For lapped purlin members with short laps « 2D) under gravity load, 
flexural failure at mid-span is often critical. 
Comparison with conventional design method 
A comparison on the load carrying capacities of purlin members with Config. 
W4 and W6 derived from the proposed design method (PDM) with those 
obtained from the conventional design approach (CDA) is summarized in Table 
3. The load carrying capacities of three high strength cold-formed steel Z 
sections with different section depths and system lengths are compared under 
internal span condition, and it is shown that: 
• Under gravity load, the load carrying capacities of purlin members 
predicted from the proposed design method are significantly highly than 
those obtained from the conventional design approach with a typical 
improvement of 10%. It should be noted that the conventional design 
approach tends to over-estimate the applied moments over internal 
supports, and hence, under-estimates the load carrying capacities of the 
purlin members. 
• The load carrying capacities against deflection limits predicted from the 
proposed design method is typically 15% lower than those obtained from 
the conventional design approach due to the use of reduced flexural 
rigidities. However, it should be noted that in general, deflection does not 
control, in particular, in purlin members under internal span condition. 
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• For purlin members under wind up-lift with no intermediate restraint, the 
predicted load carrying capacities are significantly smaller than those 
obtained from tests due to the absence of restraints provided by roof 
cladding. Moreover, the use of effective flexural rigidities <If less than 2 
tends to increase the load carrying capacities of short span purlin members 
. typically by 10% while the load carrying capacities of long span purlin 
members are reduced- typically by 15%, when compared with those 
obtained from the conventional design approach. 
• For purlin members under wind up-lift with at least one intermediate 
restraint, the predicted load carrying capacities obtained from the proposed 
design method are increased considerably, and full restraint condition is 
often achieved. 
Conclusions 
In modem roof systems using high strength cold-formed steel sections, the 
structural behaviour of lapped connections between purlin members is very 
important as they affect the distribution of internal forces within the purlin 
members, the strength of the lapped sections over internal supports, and hence, 
the load carrying capacities of the purlin members. In this paper, an extensive 
research project on the structural behaviour of lapped connections between high 
strength cold-formed steel Z sections (with nominal yield strength at 450 N/mm2) 
is reported, and major findings of both experimental and theoretical 
investigations are presented. Moreover, a rational analysis and design method 
for lapped connections is proposed after careful calibration against test data, and 
the effect of partial continuity in lapped connections is fully incorporated 
through the use of effective flexural rigidities in determining co-existing 
moments and shear forces at critical cross-sections of the lapped connections. 
It should be noted from test observations that as both local and distortional 
buckling are apparent near the critical cross-sections of the high strength cold-
formed steel lapped Z sections, both types of buckling should be properly 
allowed for in determining the moment capacities of the critical cross-sections. 
Moreover, shear buckling is found to be fairly localized due to the restraining 
effects from both the lapped sections and the purlin-rafter connections, and 
hence, the shear capacities of the critical cross-sections should be determined on 
the basis of a short buckling wave length. This leads to a more accurate design 
for critical cross-sections at the ends of lap in lapped connections against 
combined bending and shear, when compared with existing design methods. 
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Finally, a comprehensive design method for four l~pped span purlin members is 
presented and the load carrying capacities of a practical range of section sizes 
and member lengths are obtained from both the proposed design method and the 
conventional design approach for comparison. It is shown that the proposed 
design method is rational and effective, and it provides significant 
improvements over the conventional design approach. 
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Appendix A Design coefficients for internal forces of four lapped span 
purlin members 
R - L where _1 [C 41 a.2 +c42 a.+C43 ] 4,1 - r4,1 q r41 - _. --".0-2:----"'''----''''-
, 4 C44 a. +C44 a.+C46 
C41 =32-20413+516132 -622133 +29713 4 
. C42 = 20413 - 804132 + 1126133 - 609134 
C43 = 28813 2 -50413 3 +312134 
C44 = 7 - 4813 + 132132 -180133 + 120134 
C45 =4813-204132 +324133 -240134 
C46 = 72132 -144133 + 120134 
R =r qLwhere r =,!.,[C47 0.2 +c48 a.+C49 ] 4,0 4,0 4,0 4 C 2 C C 
440. + 440.+ 46 
C47 = 13 - 9613 + 276132 - 378133 + 237134 
C48 = 9613 - 42013 2 + 666133 - 46513 4 
C49 = 144132 - 288133 + 28813 4 
h r40 R42 =r qLW ere r =2-r --' 
, 4,2 4,2 4,1 2 
M4,21 = r4~2 qL2 (d) M4,1 = (r4,2 _~}L2 
M =[(2_ r4,0),r +r .(1- ~4'0) (4-:r4,oYj L2 4,10 2 4,2 4,1 2 8 q 
V4,2 = v 4,2qL where v 4,2 = r4,2 
V4,1 -
- qL where - = 1- r4,2 =V4,1 V4,1 
V4,1 + + qL where + =V4,1 V4,1 = r4,1 -: V 4,1 











a. is the effective flexural rigidity ratio oflapped connections; 
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~ is the lap length coefficient where 2 Lp = 2 ~ Ls; 2 Lp is the total lap 
length and Ls is the span length; 
q is the applied uniformly distributed load. 
A 
2 
EI uEI EI uEI EI uEI EI 
A 
2 
I BMD I ~,l 114.0 M.!.1 
~,2 ~,1 ~,o ~,1 ~,2 
V4,1+ V 
V4.2 f'...... V 4,1+ ~ I............;::: "'-
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Appendix B Internal forces of four lapped span purlin system 
External span 
, q :O.5q 
t J J J J J J 1 .1 •• , , 
Fb,b: 











Support c Support b 
(Critical) 
where Lb is the vertical bolt spacing 
M =M", 
;I,b 2 
V"h =lr", -(l-I3).\:JL, 
(Critical) 
V"h = 2xFh,h xeosS, 
V',h = V"h + V',h 
v =V _Q. L 3,b 2,b 2 q s 
13 V"b = V"b + 2"qL, 
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Appendix B Internal forces of four lapped span purlin system (Continued) 
Internal span 
o.Sq q <l O.Sq 
fl+'11"_J""'Jr-Jr-"'IJ""'Jl'"""lbp 





V •.• =-V'.b 
(Critical) 
V,.b =-V •. b 
V •. h = V7•b + V •. ,-
~ V •. b = V'.b -"2qL, 
VIO,. = V"h - V.,. 
In general, the moments and the 
shear forces near Support a are 
not critical, thus they are not 
given. 
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Table 1 Summary of test program and data 
Test span Lap 
L, length & Bolt 
config. 
Moment Effective flexural 









2L, D ratio 
(mm) (kN) (kNm) '(m" 
180 1.2 27.98 16.78 0.88 
240 1.6 30.12 18.06 0.94 
300 2.0 W4 MY, 33.92 20.36 1.06 
600 4.0 45.20 27.12 1.42 
900 6.0 51.00 30.60 1.60 
MY 31.94 19.16 1.00 














~ ZB060R 600 2.4 73.74 73.74 l.l2 0.757 0.382 
'" ZB090R 4000 900 3.6 W4 MY, 86.96 86.96 1.32 1.l30 0.807 
§i ZBI20R 1200 4.8 99.02 99.02 1.49 1.286 1.097 






















MY 66.04 66.04 1.00 1.000 1.000 
23.99 14.39 0.96 0.378 0.103 
MY, 
28.63 17.18 1.14 0.664 0.344 
34.87 20.92 1.39 1.093 0.956 
39.99 23.99 1.59 1.446 1.410 
MY 25.12 15.07 1.00 1.000 1.000 
300 1.2 51.67 51.67 0.89 0.458 0.237 
500 2.0 W6 MY, 65.75 65.75 1.13 0.983 0.394 
~ ZDlOOR 1000 4.0 76.79 76.79 1.32 1.339 l.l61 

































MY 58.06 58.06 1.00 1.000 1.000 
16.48 14.83 0.86 0.408 0.111 
MY, 
19.51 17.56 1.02 0.700 0.236 
23.99 21.59 1.25 1.173 0.730 
W6 
22.87 20.58 1.19 1.196 1.065 
MY 19.19 17.27 1.00 1.000 1.000 
34.55 51.83 0.90 0.455 0.121 
46.23 69.35 1.20 0.576 0.359 
MY, 
53.75 80.63 1.39 1.215 0.699 
W6 
58.87 88.31 1.53 1.593 1.168 
MY 38.55 57.83 1.00 1.000 1.000 
MV\): Section failure at the end of lap under combined bending and shear 
MV: . Section failure at mid-span under combined bending and shear 
Table 2 Data analysis 
M v 
Test 
(kNm) (kN) (kNm) (kN) 
ZA018R 7.46 36.29 
~ ZA024R 7.94 28.55 
~ ZA030R 8.77 24.53 











42.89 ~ N ZA090R 9.56 12.75 
00 ZAcon 9.58 7.99 8.85 33.19 
~ ZB030R 21.40 56.21 29.28 82.90 
(l ~ ZB060R 30.26 39.40 29.16 83.92 
~ ZB090R 33.11 25.26 29.06 82.79 
~ ZB120R 34.66 24.76 29.08 82.72 
~ ZB150R 29.72 23.77· 29.15 83.92. 
ZBcon 33.02 16.51 29.58 65.63 
o ZC018R 6.14 28.27 8.47 34.20 § ZC030R 7.27 19.85 8.23 32.89 
:5 ZC060R 7.85 8.72 7.72 28.19 
~ on ZC090R 7.50 10.00 7.96 28.68 
00 N ZCcon 7.54 6.28 7.54 21.89 
'5 0:: 0 ZD030R 22.05 60.90 27.80 84.06 
(l § ZD050R 27.84 45.59 26.52 74.69 
~ ZD100R 28.80 19.20 27.76 83.04 
;q ZD150R 29.35 23.48 27.74 82.03 
N ZDcon 29.03 14.51 27.48 63.97 
o ZE018R 6.52 31.19 8.33 34.75 § ZE030R 7.80 22.73 7.75 29.67 
~ ZE060R 8.92 11.73 8.35 32.78 
~ ~ ZE090R 7.72 5.72 7.43 29.48 
~ : ~:~~R ;~~~ ~~;O ;~~3~ ~~:!~ 
(l § ZF050R 30.80 53.86 26.57 75.70 
;:!i ZF100R 33.59 13.44 27.90 84.62 
o ;q ZF150R 33.11 14.72 27.02 84.98 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Bolt Config. W 4 Bolt Config. W6 
Figure 1 Details of bolt configurations 
I( ill ~ >I(J ~ ffi )1 
R_R 
Figure 2 General test setup of one point load tests 
Figure 3 Typical failure mode in lapped connections 
120 i-i--i--T---;:::===;-] 
_ZB030R I 100 t-- -+----::,.,r---t----I ~ZB060R 
c -ZB090R 
z: 80 t---+---:I~'-+---+-----I ~ZBI20R ~ 
M • ..,. ~ 60 --- ZBI50R e -ZBcon 
til 40 r7J,~7i~~~~s~ i wt-~~~-_+---r--~~~ Deflected  ~ 
0.01 0.02 0.03 0.04 0.05 
End rotation, e, (rad) 




Mid-span deflection 0 




I Shear Force Diagram 
, 
Center of rotation. 
1 (----... r.1 !;;;;;;;::OOOOOO!M, 
! M~M, NI, ! 
V, 
lit"""""=l h ~ 
! ! l\f, M I Bending Moment Diagram I 1 I M, 
1 ! I I 
I Config. W4 
P~I =4xF.xr 
P V,=2' 




Figure 6 Force distributions within lapped connections 
Model factor 
1.2 r=·"'···"'·_··"'·····"'·· ·"'·_·"'····_"'··_=···=····=·····"'····=·_=-=--=-···9 
All quantities are detennined by AlSI (DSM) 
1.0 -I=;;;; .. i.==i==+==r==~=1 
--"""'''''-, ... 
P/~ 0.8 -:;r'~.. 
~ Q.6 '-\m'+v' 1 ~\ .0 ] 





• ZA OZB 
'ZC UD \io. 0.4 1----l---t--l. ZC .zo--; 
0.2 
.ZE .ZF -.t 
0.0 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 
Moment ratio. m 
Figure 7 
Interaction between bending 
and shear 
.ZE .t.ZF 
0.0 20 4.0 6.0 
Lap length to section depth ratio (210 I D) 
Figure 8 
Model factors for combined 
bending and shear 
8.0 
799 















Section failure under bending 
Section failure under shear buckling 
Section failure under combined bending and shear over internal support 
Section failure under combined bending and shear at the end oflap 
Bearing failure of connected materials over internal support 
Lateral torsional buckling 
Deflection check vs Ll150 
Figure 9 Design considerations for lapped purlin systems 

